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INTRODUCTION. 


The  determination  of  "what  is  usable  natural-gas  pressure  for 
cooking  service"  has  long  been  desirable.  Since  more  than  36  per 
cent  of  all  of  the  natural-gas  consumers  in  the  United  States  live 
in  Ohio,  and  73  per  cent  of  Ohio's  population  are  dependent  on 
natural  gas  for  their  cooking  service,  it  became  evident  that  the 
problem  had  a  vital  relation  to  the  homes  of  the  State,  and  that  the 
home  economics  department  should  undertake  to  obtain  accurate 
data  to  answer  this  much  discussed  and  little  understood  question. 

The  primary  object  of  the  tests  was  to  duplicate  household  oper- 
ations rather  than  fancy  laboratory  conditions.  Although  a  water 
calorimeter,  such  as  described  in  volume  1,  page  699,  of  the  Proceed- 
ings of  the  American  Gas  Institute  for  1906,  would  give  a  slightly 
higher  efficiency  for  the  burner,  we  thought  it  fairer  to  measure  the 
etliciency  with  an  ordinary  cooking  vessel  rather  than  with  the  more 
refined  calorimeter,  which  would  be  of  no  interest  to  the  gas  user. 
We  believe  that  utility  or  usability  may  be  of  more  importance  than 
mere  efficiency;  tests  were  therefore  made  to  determine  exactly 
what  results  could  be  obtained  with  ordinary  kitchen  utensils,  from 
the  very  lowest  to  the  highest  pressures  that  might  be  found  in  a 
natural-gas  distributing  plant. 

Columbus,  Ohio,  May  9,  1918. 

PART  I. 

Experimental  Data  to  Determine  Effect  of  Pressure  on 
Natural-Gas  Cooking  Operations. 

Section  1.  Description,  of  apparatus. — The  apparatus  used  in 
the  tests  is  shown  in  figure  1.  A  10-cubic-foot  meter  prover  is  shown 
at  the  right.  The  pressures  were  increased  by  placing  weights  on 
top  of  the  meter  prover,  as  shown.  The  gas  from  a  service  line 
was  passed  into  the  meter-prover  bell  and  weights  and  counterweights 
were  adjusted  to  give  desired  pressure. 

The  gas  was  measured  in  an  ordinary  domestic  natural-gas  meter. 
This  had  a  differential  pressure  gauge  attached  to  the  top,  as  shown, 
to  indicate  the  pressure  drop  over  the  meter,  or,  in  other  words,  the 
amount  of  gas  pressure  necessary  to  operate  the  meter.  This  was 
found  to  be  0.1  inch  of  water  pressure.  The  pressure  at  the  cooking 
fixtures  was  determined  by  the  U-tube  pressure  gauge  and  measured 
in  ounces  per  square  inch  by  means  of  a  scale  graduated  in  ounces. 

Sec.  2.  Importance  of  vessel  position.— For  cooking  opera- 
tions it  is  only  the  tip  of  the  flame  that  can  be  used  for  effective 
service.  If  the  flame  is  short  and  the  vessel  is  so  far  away  that  the 
hot  point  of  the  flame  does  not  come  close  to  the  vessel,  satisfactory 
results  can  not  be  obtained.  If  the  flame  is  very  long  in  order  to 
reach  the  high  vessel,  the  stove  will  be  wasteful  in  the  use  of  gas. 

The  following  experiment  brings  out  this  feature  in  a  rather 
startling  manner.  This  consisted  in  placing  a  standard  granite-ware 
vessel  containing  7  pounds  of  water  on  top  of  each  of  the  three  stoves 
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arid  with  0.8-ounce  pressure  noting  the  length  of  time  required  to  bring 
the  water  to  a  vigorous  boil,  and  the  gas  consumption  necessary  to 
accomplish  this.    The  results  were: 


Natural- 
gat  range. 

Manufac- 
tured-eas 
range. 

Hot  plate. 

Vessel  distance  (inches)  

2. 1 
.6 
6.9 
47 

1.8 
.6 
3.6 
16 

1.5 
.3 
3.9 
49 

Length  of  flame  (inches)  

Cubic  feet  of  gas  

Time  in  minutes  

.  In  order  to  bring  the  vessel  to  the  best  operating  position  for  short 
flames  all  that  is  necessary  is  some  device  that  will  hold  the  vessel  the 
correct  distance  from  the  burner.  With  the  drilled  type  of  burner 
this  can  be  easily  accomplished  by  removing  the  stove  top  and  insert- 
ing three  nails  or  pieces  of  wire,  as  shown  in  figure  2,  and  then  placing 
the  vessel  on.  the  top  of  these.  With  the  slotted  type  of  burner 
remove  the  stove  top  and  insert  three  pieces  of  sheet' iron  or  heavy 
tin,  as  shown  in  figure  3,  and  place  the  vessel  on  the  top  of  these. 
This  is  the  only  change  necessary  to  secure  satisfactory  cooking 
results  with  the  ordinary  stove  with  low  pressures  and  short-flame 
lengths. 


Fig.  1.— Diagram  of  apparatus  used  in  cooking  tests. 


With  low  pressures  we  found  that  no  perceptible  change  could  be 
made  in  combustion  conditions  by  attempting  to  adjust  the  air 
shutter;  that  is,  satisfactory  results  were  obtained  with  the  air 
shutter  wide  open,  without  any  adjustment. 

Sec  3.  Efficiencies  at  various  pressures.— In  order  to  deter- 
mine the  efficiencies  of  the  three  stoves  at  various  pressures,  a  granite- 
ware  kettle,  having  a  diameter  of  8}  inches  and  height  of  6  inches, 
containing  6  pounds  of  water,  was  heated,  and  the  number  of  cubic 
feet  of  gas  required  to  raise  this  water  to  200°  F.  was  noted.  The 
heating  value  of  the  gas  was  determined  in  a  gas  calorimeter,  and  the 
gas  used  in  these  tests  averaged  1,000  B.  t.  u.  per  cubic  foot. 
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Since  the  B.  t.  u.  is  the  amount  of  heat  required  to  raise  1  pound 
of  water  1°  F.,  multiplying  the  number  of  pounds  of  water  by  the 
total  rise  in  temperature  would  give  the  number  of  heat  units  deliv- 
ered to  the  cooking  vessel.  This  figure  in  turn  divided  by  the  number 
of  heat  units  in  the  gas  used  in  heating  the  water  will  represent  the 
efficiency,  as  definecfin  section  26.  The  efficiency  tests  of  the  three 
types  of  stoves  at  the  various  pressures  are  shown  in  graphical  form 
in  figure  8. 


Fig.  2.— Drilled  burner  with  nail  or  wire  inserts  to  support  cooking  vessel  for  low- 
pressure  natural  gas  service. 

Sec  4.  Boiling  potatoes  at  various  pressures. — In  this  test 
2  pounds  of  old  unpeeled  potatoes  were  cooked  in  6  pounds  of  water, 
in  an  ordinary  granite-ware  kettle  having  a  diameter  of  S\  inches 
and  height  of  6  inches.  The  data  obtained  on  the  three  stoves  at 
various  pressures  are  shown  in  tabulated  form  in  Table  3,  and  in 
graphical  form  in  figures  4  and  6. 


FlG  3 —Slotted  burner  with  three  pieces  of  sheet  iron  for  supporting  cooking  ves- 
sel for  low-pressure  natural  gas  service. 

Sec.  5.  Frying  potatoes  at  various  pressures.— Tn  this  series 
of  tests  2  pounds  of  thin  sliced  old  raw  potatoes  were  fried  with  an 
ample  supply  of  hot  lard,  in  an  ordinary  pressed-steel  skillet.  1  ho 
data  obtained  on  the  three  stoves  at  various  pressures  are  shown  in 
tabulated  form  in  Table  2,  and  in  graphical  form  in  figures  5  and  7. 
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Fig.  4.— Curves  showing  amount  of  gas  required  to  boil  2  pounds  of  old  unpeeled 
pjtatoes  on  three  types  of  gas  stoves  at  various  pressures. 
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Sec  6  Cooking  meat  at  low  pressures.— In  this  test  2  pounds 
of  ground  round  beefsteak  was  fried  in  an  ordinary  pressed-steel 


'  n  .2  .4-  .e  .3  /      .  /.s      2  -3 

OAS  Pf?ESSi/f?£  /A/  OZ.         S<?.  /M 

Fig  5  —Curves  showing  amount  of  gas  required  to  fry  2  pounds  of  old  raw,  thinly 
sliced  potatoes  on  three  types  of  gas  stoves  at  various  pressures. 

skillet,  with  a  gas  pressure  of  0.2  ounce.  The  data  obtained  for  the 
three  stoves  were  as  follows: 

Frying  beefsteak. 


Weight,  ground  round  steak,  in  pounds. 
Gas  pressure  in  ounces  per  square  inch. 

Cubic  feet  of  gas  

Time  in  minutes  

Fiame  length  in  inches  

Si-illet  distance  in  inches  

B  irometric  pressure  in  inches,  mercury 


Natural 
so.*  rancte. 

V'ar.i'fa"- 
turcd  '-'as 
ran"e. 

Hot  plate. 

2 

2 

o 

2 

.  2 

2 

1.85 

1.  675 

1.225 

14 

14 

27 

.  3 

.3 

.2 

.  6 

.  6 

.3 

29.  37 

29.  37 

29.  37 
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Fig.  6— Curves  showing  variation  in  tirce  required  to  boil  2- pounds  of  old  unpeeled 
potatoes  on  three  types  of  gas  stoves  at  various  pressures. 
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of  three  types  of  gas  stoves  at  various  pressures 
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*n, th?,  Rowing  test  1  pound  of  thick  porterhouse  beefsteak  was 
pan-broiled  m  an  ordinary  pressed-steel  skillet,  with  a  gas  pressure 
of  0.2  ounce.    The  data  obtained  for  the  three  stoves  were  as  Allows- 

Pan-broiled  beefsteak. 


Natural 
gas  range. 

Manufac- 
tured gas 
range. 

Hot  plate. 

Weight,  porterhouse  steak,  in  pounds 

1 

1 

.2 

Gas  pressure  in  ounces  per  square  inch 

.2 

1 

Cubic  feet  of  pas  

.  2 

Time  in  minutes  

.  9 

.  6 

.  7 
1G 

Flame  length  in  inches. . . 

7 
.  2 
.  6 
29.  IS 

7 
.  3 
.  6 

Skillet  distance  in  inches 

.  2 
.  3 
29. 18 

Barometric  pressure  in  inches,  mercury 

29. 18 

Sec  7  Baking  tests  at  low  pressures.— In  baking  1-pound 
oaves  of  white  bread  made  up  of  two-thirds  wheat  and  one-third 
barley  Hour  at  0.5  ounce  and  4  ounce  pressures  the  following  results 
™es  m  °f  the  natural"gas  and  manufactuYed-gas 


Natural- 

gas  range. 

Manufactured-gas  range. 

Time,  in 
minutes. 

Cubic  feet 
gas. 

Time,  in 
minutes. 

Cubic  feet 
gas. 

0.5  ounce  pressure: 

Heating  oven  ready  to  receive  bread  

Baking  bread  

26 
32 

7.5 
3.  25 

16 
33 

3.  2 

6 

Total  

58 

10.  75 

49 

9.2 

4  ounces  pressure: 

Heating  oven  ready  to  receive  bread  

Baking  bread  

14 

32 

6 

4.2 

7 
32 

2.  2 
7.  2 

Total  

46 

10.2 

39 

9.4 

Sec  8.  Accuracy  of  meter  registration  at  low  and  various 
gas  pressures  —The  popular  belief  is  that  meters  run  faster  when 
the  pressure  is  low  than  when  the  pressure  is  high.  This  is  contrarv 
to  the  tacts  Variation  m  pressure  makes  no  appreciable  difference 
in  tne  registration  of  the  meter,  the  meter  merely  registering,  within 
a  reasonable  limit  of  tolerance,1  the  amount  of  gas  that  passes,  and 
this  is  neither  increased  nor  decreased  by  changes  in  pressure  2 

A  No.  1  ironclad,  Pittsburgh  Meter  Co.,  dry  meter,  No.  298598,  was 
used  for  measuring  the  gas  in  these  tests.  This  was  proved  for  accu- 
racy before  the  tests  were  started.  The  meter  had  been  in  use  for 
about  two  years  prior  to  the  tests  and  was  in  no  way  specially  pre- 
pared by  adjustment  or  lubrication  for  this  work,  other  than  merely 
to  check  its  accuracy  against  a  certified  meter  prover 
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After  the  cooking  tests  were  completed  the  meter  prover  used  for 
adjusting  the  pressures  was  filled  with  natural  gas,  which  was  then 
allowed  to  stand  for  several  hours  until  it  acquired  the  room  tem- 
perature. The  gas  from  this  meter  prover  was  then  passed  through 
this  meter  at  various  pressures  'through  the  middle  burner  (having  a 
No.  47  spud  opening)  of  the  Peerless  range,  giving  the  following 
results : 


Pressure 
in  ounces 
per  square 
inch. 

Number  of 
minutes  to 
pass  1  cubic 
foot. 

Cubic  feet 
gas  by 
meter. 

Cubic  feet 
gas  by  meter 
prover. 

Per  cent  of 
error  of  meter. 

0.2 

10.5 

i 

1.01 

1  slow. 

.  4 

6.3 

i 

1.01 

1  slow. 

.  6 

5.4 

i 

.  99 

1  fast. 

.8 

5.0 

i 

.  98 

2  fast. 

1.0 

4.0 

i 

1.01 

1  slow. 

1.  5 

3.2 

i 

1.00 

2.0 

2.  5 

i 

.  99 

1  fast. 

3.  0 

2.0 

i 

1.01 

1  slow. 

4.0 

1.8 

i 

1.00 

5.0 

1.  5 

i 

1.01 

1  slow. 

The  foregoing  data  show  that  low  pressures  do  not  make  the  meter 
run  faster.  Incidentally,  the  number  of  minutes  required  to  run  1 
cubic  foot  of  gas  becomes  an  index  of  the  leakage  tendencies  at  various 
pressures.  Since  it  takes  about  one-half  the  time  to  pass  the  same 
amount  of  gas  at  4  ounces  as  at  1  ounce,  it  is  evident  that  the  rate  of 
leakage  on  the  consumer's  premises  and  at  the  company's  distribut- 
ing plant  would  be  about  twice  as  great  at  4  ounces  pressure  as  it 
would  be  at  1  ounce  pressure. 

Table  I. — Efficiencies  obtained  with  three  different  types  of  gas  stoves  in  heating  6  pounds 
of  water  from  the  faucet  temperature  to  200°  F.,  at  various  pressures,  using  natural  gas 
having  a  heating  value  of  1,000  B.  t.  u.  per  cubic  foot.  The  vessel  distances  were  the  same 
as  those  given  in  Table  III. 

NATURAL- GAS  RANGE. 


Pressures  in  ounces  per  square 

inch  

0.2 

0.4 

0.6 

0.8 

1 

1.5 

2 

3 

4 

5 

Final  temperature  of  water  

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

Initial  temperature  of  water. . . 

76 

78 

74 

78 

78 

76 

76 

76 

79 

77 

Rise  of  water  

124 

122 

126 

122 

122 

124 

124 

124 

121 

123 

B.  t.  u.  in  water  

744 

732 

756 

732 

732 

744 

744 

744 

726 

738 

Cubic  feet  of  gas  

1.97 

2.3 

2.1 

2.55 

2.6 

2.5 

3.7 

5.5 

5.6 

5.1 

B.  t.  u.  in  gas  

1,970 

2,300 

2,100 

2,550 

2,600 

2,500 

3,  700 

5, 500 

5,600 

5,100 

Efficiency  (per  cent)  1  

37 

32 

36 

29 

28 

30 

20 

14 

13 

14 

MANUFACTURED-GAS 

RANGE. 

Final  temperature  of  water  

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

Initial  temperature  of  water. . . 

76 

78 

78 

77 

78 

75 

75 

78 

73 

77 

Rise  of  water  

124 

122 

122 

123 

.  122 

125 

125 

122 

127 

123 

B.  t.  u.  in  water  

744 

732 

732 

738 

732 

750 

750 

732 

762 

738 

Cubic  feet  of  gas  

1.71 

1.S7 

1.9 

2.2 

3.1 

2.7 

2.55 

2.1 

2.6 

2.45 

B.  t.  u.  in  gas  

1,710 

1,870 

1,900 

2,200 

3,125 

2,700 

2,550 

2,100 

2,600 

2, 450 

Efficiency  (per  cent)  1  

43 

40 

35 

33 

23 

27 

29 

35 

29 

30 

HOT  PLATE. 

Final  temperature  of  water  

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

Initial  temperature  of  water. . . 

78 

72 

78 

76 

75 

72 

76 

76 

75 

78 

Rise  in  water  

122 

128 

122 

124 

125 

128 

124 

124 

125 

122 

B.  t.  u.  in  water  

732 

768 

732 

744 

750 

768 

744 

744 

750 

732 

Cubic  feet  of  gas  

2.45 

1.825 

1.65 

1.65 

2.125 

2.05 

1.9 

2.95 

2  us 

2 

B.  t.  u.  in  gas  

2,450 

1,825 

1,650 

1,650 

2,125 

2,300 

1,900 

2,9511 

2,080 

2,000 

Efficiency  (per  cent)  1  

21 

42 

44 

45 

36 

33 

39 

26 

35 

36 

1  For  definition  of  term  "efficiency"  and  method  of  calculation,  see  sees.  3  and  26. 
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Table  II. — Data  obtained  in  frying  2  pounds  of  thin-sliced,  old,  raw  potatoes  in  an 
ordinary  pressed-steel  skillet,  with  an  ample  supply  of  hot  lard,  on  three  different  types 
of  stoves,  with  natural  gas  at  various  pressures  and  having  a  heating  value  of  1,000 
B.  t.  u.  per  cubic  foot. 

NATURAL-GAS  RANGE. 


Pressures  in  ounces  per  square 

0.2 

0.4 

0.6 

0.8 

1 

1.5 

2 

3 

4 

5- 

Cubic  feet  of  gas  

3.1 

4 

4.3 

3.45 

3.72 

4.8 

4.6 

5.65 

5.5 

5.9 

23 

21 

21 

16 

16 

16 

18 

17 

20 

24 

Flame  length,  in  inches  

.6 

.7 

.7 

.7 

.8 

.8 

.9 

1 

1 

1.1 

Skillet  distance,  in  inches 

.6 

1 

1 

1.2 

1.2 

1.2 

2.1 

2.1 

2.1 

2.1 

Barometric  pressure,  in  inches, 

29.44 

28.85 

29.32 

29.06 

29.21 

29.34 

29.4 

29.34 

29.34 

29.69 

MANUFACTURED-GAS  RANGE. 


Cubic  feet  of  gas  

2.44 

3.6 

3.75 

4.675 

3.76 

4.175 

3.2 

4.1 

4.2 

3.8- 

Time,  in  minutes  

22 

20 

19 

18 

21 

21 

22 

15 

19 

17 

.3 

.5 

.6 

.7 

.7 

.7 

.7 

.7 

.8 

.9- 

1.1 

1.1 

1.5 

1.6 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

Barometric  pressure,  in  inches, 

29.42 

29.21 

29.34 

29.16 

29.24 

29.34 

29. 26 

29.41 

29.33 

29. 21 

HOT  PLATE. 


1.45 

1.975 

1.7 

2.65 

2.9 

2.125 

2.3 

2.8 

2. 71 

2.5 

Time,  in  minutes  

30 

28 

30 

25 

19 

21 

21 

22 

19 

18 

.3 

.3 

.3 

.5 

.6 

.6 

.6 

.6 

.6 

.7 

Skillet  distance,  in  inches  . 

.3 

.7 

.7 

.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

Barometric  pressure,  in  inches, 

mercury  

29. 225 

29.2 

29.56 

29.18 

29.07 

29.15 

29.28 

29.41 

28.98 

29. 21' 

Table  III. — Data  obtained  in  boiling  2  pounds  of  old,  unpeeled  potatoes  in  6  pounds 
of  water,  in  an  ordinary  granite-ware  kettle,  on  three  different  types  of  stoves,  with 
natural  gas  at  various  pressures  and  having  a  heating  value  of  1,000  B.  t.  u.  per 
cubic  foot. 

NATURAL-GAS  RANGE. 


Pressures  in  ounces  per  square 

0.2 

0.4 

0.6 

0.8 

1 

1.5 

2 

3 

4 

5 

Cubic  feet  of  gas  

5 

5.5 

6. 62 

6 

7. 15 

7. 15 

8.27 

9.35 

9. 35 

10 

47 

33 

32 

29 

30 

24 

34 

35 

38 

37 

Flame  length,  in  inches  

.6 

.7 

.7 

.7 

.8 

.8 

.9 

1 

1 

1.1 

Vessel  distance,  inches  

.6 

1 

1 

1.2 

1.2 

1.2 

2.1 

2.1 

2.1 

2.1 

Barometric  pressure,  in  inches 

mercury  

29.  42 

29. 20 

29.33 

29. 04 

29. 22 

29. 34 

29.40 

29.34 

29.34 

29.  68 

MANUFACTURED-GAS  RANGE.' 


Cubic  feet  of  gas  

4.83 

5.4 

5.9 

6. 45 

6.55 

6.4 

5. 19 

5.3 

5.7 

6.1 

45 

33 

30 

27 

26 

31 

40 

23 

27 

25 

Flame  length,  in  inches  

.3 

•5 

.6 

.7 

.7 

.7 

.7 

.7 

.8 

.9 

.5 

.9 

1.3 

1.6 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

Barometric  pressure,  in  inches 

29. 425 

29. 215 

29. 18 

29.16 

29.22 

29. 36 

29.29 

29. 34 

29.23 

29.21 

HOT  PLATE. 


4. 29 

4.05 

4 

4 

4.75 

4.85 

3.9 

4.45 

4.9 

4.4 

Time,  in  minutes  

85 

61 

47 

40 

41 

37 

39 

34 

35 

32 

.3 

.3 

.3 

.5 

.6 

.6 

.6 

.6 

.6 

.7 

.3 

.7 

.7 

.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

Barometric  pressure,  in  inches 

29. 32 

29.20 

29.  56 

29.29 

29. 06 

29.34 

29.28 

29. 41 

28.98 

29.21 

1  This  stove  was  designed  for  manufactured  gas  and  gave  these  results  with  natural  gas  without  any 
change  in  stove  construction  or  adjustment. 
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Sec.  9.  .Conclusions. — 1.  Satisfactory  cooking  operations  in  fry- 
ing potatoes,  boiling  potatoes,  frying  beefsteak,  and  pan-broiling 
beefsteak  can  be  carried  on  with  0.2  ounce  natural-gas  pressure. 

2.  The  changes  in  vessel  position  necessary  to  permit  satisfactory 
operation  at  pressures  as  low  as  0.2  ounce  are  easy  to  make  and  require 
no  special  changes  in  existing  stoves. 

3.  Bread  can  be  satisfactorily  baked  with  0.5  ounce  natural-gas 
pressure. 

4.  Natural-gas  stoves  are  not  properly  constructed  to  use  natural 
gas  efficiently  at  high  pressures  nor  satisfactorily  at  low  pressures. 

5.  At  high  pressures  natural-gas  stoves  are  inefficient  and  therefore 
wasteful  in  their  use  of  gas. 

6.  The  burners  on  natural-gas  stoves  are  too  low. 

7.  The  holes  in  the  spuds  of  natural-gas  stoves  are  too  small. 

8.  Long  flames  for  cooking  operations  are  wasteful. 

9.  The  maximum  results  are  obtained  with  many  short  flames 
rather  than  a  few  long  flames. 

10.  A  strong  draft  cf  air  may  deflect  the  flame  away  from  cooking 
vessel  so  as  to  seriously  interfere  with  and  in  many  cases  stop  cooking. 

11.  Where  two  flames  strike  each  other,  due  to  the  fact  that  open- 
ings are  too  close  in  burner,  poor  combustion  will  result.  This  will 
produce  a  luminous  flame,  which  will  in  turn  result  in  a  smoking 
burner.    Neither  air  nor  gas  adjustment  can  overcome  this. 

12.  Drilled  burners  are  better  than  slotted  burners,  because  there 
is  less  likelihood  of  two  adjacent  flames  strikirg  against  each  other, 
therefore  producing  imperfect  combustion  conditions. 

13.  Natural-gas  cookstoves  should  not  be  furnished  with  solid  stove 
tops,  since  this  suggests  the  carrying  on  of  cooking  operations  on  top 
of  the  stove  rather  than  with  the  vessel  in  the  proper  position. 

14.  At  low  pressures  no  perceptible  change  can  be  made  in  the 
combustion  conditions  by  adjusting  the  air  shutter.  The  best  con- 
ditions obtained  were  with  the  shutter  wide  open. 

15.  Too  much  heat  is  used  in  most  cooking  operations;  correct 
application  is  more  important  than  mere  intensity. 

16.  The  natural-gas  pressures  carried  in  most  natural-gas  dis- 
tributing plants  are  too  high  for  efficient  operation. 

17.  Meter  registration  is  approximately  correct  regardless  as  to 
variation  in  pressure.  That  is,  meters  do  not  run  faster  when  the 
pressure  is  low. 

18.  Lowering  the  temperature  of  natural  gas  increases  its  heating 
valuo  por  cubic  foot.  Natural  gas  has  a  temperature  about  25° 
lower  irt  the  coldest  month  in  winter  than  in  the  hottest  month  in 
summer,  and  the  heating  value  per  cubic  foot  due  to  change  in 
temperature  is  therefore  about  5  per  cent  higher  in  the  coldest 
month  in  winter  than  in  the  warmest  month  in  summer. 

19.  The  maximum  possible  variation  of  heating  value  due  to  varia- 
tion in  gauge  pressure  would  make  the  heating  value  during  the 
low-pressure  periods  in  winter  less  than  3  per  cent  lower  than  during 
the  higa-pressure  period  in  summer. 

20.  Since  the  heating  value  increase  due  to  low  temperature  of 
gas  in  winter  more  than  offsets  the  oossible  decrease  in  heating  value 
due  to  low  pressure,  the  practical  effect  of  the  two  is  that  the  heating 
value  per  cubic  foot  of  natural  gas  as  served  in  the  winter  under 
low  pressures  and  low  temperature  is  higher  than  that  served  in  tho 
summer  under  higher  pressures  and  higher  temperature. 
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21.  Variation  in  barometer  from  day  to  day  may  make  more  of  a 
change  in  the  heating  value  of  gas  than  any  possible  variation  in 
gauge  pressure. 

22.  JBetter  and  more  efficient  service  could  be  rendered  if  natural 
gas  pressures  were  generally  lowered  to  probably  2  ounces  rather 
than  increased  to  4  ounces  or  above. 

23.  The  lowering  of  natural-gas  distributing  pressures  to  approxi- 
mately 2  ounces  would  produce  more  efficient  and  satisfactory 
operating  conditions  for  the  consumer,  woidd  greatly  curtail  the 
leakage  on  the  consumer's  premises,  which  is  paid  for  by  the  con- 
sumer, and  would  also  substantially  lower  the  leakage  in  the  gas 
company's  distributing  plant. 

PART  II. 

Fundamental  Principles  Underlying  Natural-Gas  Pressure 

Question. 

Sec  10.  Definition  of  "natural  gas." — Natural  gas  is  a  highly 

combustible  gas  made  by  a  secret  process  of  nature.  It  is  not  a 
chemical  compound,  as  popularly  supposed,  but  a  mechanical 
mixture  of  several  combustible  and  diluent  gases  and  vapors  thor- 
oughly diffused — that  is,  thoroughly  intermixed —through  each 
other,  the  number  and  exact  proportion  of  the  various  crude  natural 
constituents  varying  for  the  different  localities  and  somewhat  during 
the  working  lives  of  individual  wells. 

Sec  1 1 .  What  makes  gas  pressure. — Natural  gas  is  a  fluid  com- 
posed of  a  large  number  of  molecules  which  are  vehicles  of  energy 
continually  in  motion  and  having  an  inherent  tendency  to  get  farther 
and  farther  apart.  The  range  of  motion  of  the  molecules  is  limited 
only  by  the  volume  of  the  closed  containing  vessel  in  which  they  con- 
stantly move  to  and  fro.  That  is,  the  molecules  are  in  a  state  of 
constant  bombardment  against  each  other  and  against  the  sides  of 
the  containing  vessel. 

Natural-gas  pressure  is  the  result  of  the  combined  efforts  of  all 
the  moving  molecules  in  the  gas  trying  to  get  farther  and  farther 
apart;  that  is,  a  mass  of  gas  inclosed  in  a  vessel  expands  and  fills  it 
and,  being  restrained  from  further  expansion,  it  exercises  a  pressure 
against  the  walls  of  the  vessel.  This  pressure  is  the  same  in  all  direc- 
tions on  equal  areas  of  surface.  Contracting  the  volume  of  gas  in- 
creases the  intensity  of  its  internal  molecular  motion  and  therefore 
increases  its  pressure. 

With  a  given  mass  of  gas  any  increase  in  volume  of  containing 
vessel  will  give  the  molecules  more  range  of  motion  and  thereby 
lower  the  pressure. 

Thus,  if  a  part  of  a  given  mass  of  gas  is  removed  from  a  closed 
vessel  or  reservoir  the  remaining  m-ssof  gas  will  expand  instanter 
and  keen  the  vessel  or  reservoir  filled,  but  at  a  lower  pressure. 

Sec  12.  Gauge  pressure. — This  is  simply  the  pressure  indicated 
by  a  pressure  gauge.  Two  general  classes  of  gauges  ere  used  for 
measuring  gas  pressure: 

(a)  Spring  gauges. — Wnere  the  effect  of  the  pressure  exerted  against 
some  form  of  spring  is  made  to  move  a  pointer  over  a  graduated  dial 
or  scale. 

(b)  Fluid  gauges. — Where  the  effect  of  the  messure  is  indicated  by 
the  height  of  the  column  of  fluid  in  a  U-shaped  tube.    One  side  of  the 
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U -shaped  tube  is  open  to  the  atmosphere  and  the 
other  is  attached  to  the  pipe  where  the  pressure  is  to 
be  measured.  The  gas  pressure  in  this  pipe  then 
lowers  the  fluid  in  one  side  of  the  tube  and  raises 
it  in  the  other.  The  total  difference  in  the  heights 
of  the  fluid  on  the  two  sides  represents  the  total 
fluid  pressures,  as  shown  in  figure  1.  When  no 
pressure  is  applied  to  such  a  U-tube  gauge  other 
than  the  prevailing  atmospheric  pressure,  the 
liquid  will  stand  at  the  same  level  in  both  tubes. 

The  pressures  in  natural  gas  distributing  plants 
are  almost  universally  measured  in  ounces  per 
square  inch,  while  the  pressures  in  manufactured 
gas  distributing  plants  are  measurer]  in  inches  of 
water,  1  ounce  equaling  1.73  inches  of  water. 

Where  the  word  pressure  occurs  in  ordinances  or 
rules  it  invariably  means  gauge  pressure. 

Sec.  13.  Atmospheric  pressure. — Atmos- 
pheric pressure  is  measured  by  a  barometer  (usu- 
ally  in  inches  of  mercury,  1  inch  of  mercury  equal- 
ing 0.49  pound  per  square  inch  pressure)  and  is 
synonymous  with  barometric  pressure. 

Sea  level  is  the  datum  from  which  atmospheric 
pressures  are  reckoned.  At  that  point  dry  air  at 
32°  F.  exerts  a  pressure  of  14.7  pounds  per  square 
inch. 

This  pressure  varies  with  altitude  and  tempera- 
ture, the  pressure  decreasing  with  an  increase  in 
altitude  or  temperature;  14.4  pounds  represents  a 
fair  average  barometric  pressure  for  most  natural 
gas  using  communities. 

Sec.  14.  Barometric  charges  make  more 
difference  on  total  pressure  than  gauge- 
pressure  variation. — On  account  of  the  chang- 
ing atmospheric  conditions  the  barometric  pressure 
of  gas  varies  from  day  to  day,  and  from  hour  to 
hour  on  the  same  day;  thus,  during  these  tests, 
the  barometric  pressure  varied  from  29.69  to  2S.85 
inches  of  mercury,  the  equivalent  of  0.41  pounds, 
6  ounces,  or  consideraLly  more  than  the  entire 
range  in  gauge  pressure. 

Sec.  15.  Absolute  pressure. — This  is  the  sum 
of  the  gauge  pressure  and  the  barometric  pressure. 
Thus,  if  the  gauge  pressure  is  4  ounces,  equaling 
0.25  pound,  and  the  atmospheric  pressure  14.4 
pounds  per  square  inch,  the  afsoluto  pressure  will 
be  14. 05  .pounds  per  square  inch,  as  shown  in  fig- 
ure 10.  This  must  be  used  in  all  gas  calculations 
dealing  with  change  of  volume  due  to  effect  of 
pressure. 

Failure  to  appreciate  that  the  absolute  pressure, 
rather  than  merely  the  gauge  pressure,  must  be  used 
when  computing  the  effect  of  pressure  on  gas  vol- 
ume, or  heating  value  content,  has  been  responsible 
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ing relation  of  atmos- 
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for  most  of  the  misunderstanding  regarding  the  effect  of  variation  in 
gauge  pressure  on  gas  quality  and  gas  service. 

\.  Sec.  16.  Differential  pressure.— This  is  the  difference  between 
the  pressure  at  the  inlet  and  outlet  point  of  a  gas  line.    Thus,  if  the 
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Fig.  10. — Curve  showing  effect  of  pressure  on  gas  volume  and  gas  heating  value. 


inlet  pressure  is  6  ounces  and  the  outlet  pressure  is  4  ounces,  the 
differential  head  or  pressure  is  2  ounces.  In  gas  transmission  it  is  the 
differential  pressure  that  constitutes  the  effective  force  for  pushing 
the  gas  through  the  line. 
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Sec  17.  What  makes  gas  flow? — The  inherent  tendency  of  gas 
to  expand  is  the  basic  cause  of  gas  flow.  Gas  flow  in  pipes  can  not 
take  place  except  between  openings  of  higher  to  openings  of  lower 
pressure;  that  is,  flow  can  le  obtained  only  by  sacrificing  pressure. 
For  this  reason  it  is  a  physical  impossii  ility  to  maintain  uniform 
pressure  conditions  and  at  the  same  time  have  gas  flow  through  the 
lines. 

Sec.  18.  Effect  of  pressure  on  gas  volume. — For  practical  pur- 
poses, at  a  given  constant  temperature,  the  volume  of  natural  gas  is 
inversely  proportional  to  the  absolute  pressure  to  which  the  gas  is 
subjected;  that 
is,  with  a  given 
mass  of  gas,  if 
you  double  the 
absolute  pres- 
sure you  reduce 
the  volume  one- 
half,  or  if  you 
dout  le  the  space 
in  which  a  given 
mass  can  expand 
you  reduce  the 
at  solute  pres- 
sure one-half. 
This  is  known  as 
Boyle's  law. 
Thesmall  change 
in  volume  due 
to  variation  in 
gauge  pressure  is 
shown  in  figure 
10  and  the  ta.Je 
in  section  23. 

Sec.  19.  Effect 
of  tempera- 
ture on  gas  vol- 
ume, —  Natural 
gas  expands  ap- 
proximately 1 
per  cent  in  vol- 
ume for  each  5° 
F.  increase  in 
temperature  and 
contracts  1  per 
ature. 
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11  — Curve  showing  mean  monthly  temperatures  of 
natural  gas  in  gas  mains  at  Columbus,  Ohio. 


cent  in  volume  for  each  5°  F.  decrease  in  temper- 
The  variation  in  mean  monthly  temperature  of  natural  gas 
at  Columi  us,  Ohio,  is  shown  in  figure  11. 

The  variation  in  temperature  of  natural  gas  in  the  underground 
mains  makes  more  difference  in  the  heating  value  than  the  variation 
in  gauge  pressure.  The  maximum  fluctuation  in  temperature  pro- 
duces a  difference  in  heating  value  of  about  5  per  cent,  while  the 
maximum  fluctuation  in  pressure  produces  a  difference  in  heating 
value  of  less  than  4  per  cent.  Furthermore,  these  variations  work 
in  opposite  directions:  that  is,  in  wintertime  when  the  pressure  is 
low,  therefore  tending  to  decrease  the  heating  value,  the  tempera- 
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ture  is  low,  tending  to  increase  the  heating  value.  This  increase  due 
to  low  temperature  will  always  be  more  than  the  decrease  due  to 
low  pressure. 

Sec.  20.  Standard  conditions. — Since  the  volume  of  a  gas  varies 
with  the  temperature  and  pressure,  in  order  to  secure  comparable 
results  in  gas  calculations  and  the  establishment  of  standards,  a 
standard  condition  is  necessary.  This  is  usually  taken  at  32°  F. 
and  a  pressure  of  29.90  inches  of  mercury. 

Sec.  21.  Heat  unit. — The  unit  quantity  of  heat,  or  the  heat  unit, 
is  the  quantity  of  heat  required  to  raise  the  temperature  of  a  unit 
weight  of  water  1°.  Different  kinds  of  units  in  use  are  as  follows: 
The  British  thermal  unit  (B.  t.  u.)  is  universally  used  in  America  in 
engineering  work.  The  calorie  is  universally  used  in  food  problems. 
Where  used  elsewhere  it  has  been  customary  to  use  the  expression 
"large  calorie"  to  distinguish  it  from  the  small  calorie.  The  gram 
calorie,  or  small  calorie,  is  universally  used  in  scientific  work. 

British  thermal  unit,  abbreviated  B.  t.  u.,  is  the  heat  required  to 
raise  1  pound  of  water  1°  F. 

Calorie. — This  is  the  amount  of  heat  required  to  raise  one  kilogram 
of  water  1Q  C. 

Gram,  calorie. — This  is  the  amount  of  heat  required  to  raise  1  gram 
of  water  from  0°  C.  to  1Q  C. 

The  arithmetical  relation  of  these  three  units  is  as  follows: 


B.  t.  u. 

Large  calorie. 

Gram  calorie. 

1 

3.9682 
0. 003968 

=0.  252 
=  1 

=0.001 

=  252 
=1,  000 
=  1 

Sec.  22.  Heating  value. — This  is  the  number  of  heat  units  that 
are  evolved  by  the  combustion  of  a  unit  weight  or  volume  of  fuel. 
The  terms  "calorific  value,"  "calorific  power,"  "heating  power," 
"thermal  value,"  and  "heat  of  combustion"  are  frequently  applied 
to  the  same  phenomenon. 

Sec.  23.  Effect  of  pressure  or  temperature  changes  on  heat- 
ing value  of  gas. — These  will  produce  changes  in  volume,  but  will 
neither  destroy  nor  create  any  heat  units,  and  hence  will  neither 
increase  nor  decrease  the  total  number  of  heat  units  contained  in  the 
gas.  However,  the  volumetric  changes  will  always  alter  the  distri- 
bution of  the^total  number  of  heat  units,  as  follows: 


Gauge  pressure 
above 
atmosphere. 

Relative 
B.  t.  a. 

Relative 
per  cent. 

Ounces. 

8 

1,034 

103.4 

7 

1,  030 

103 

6 

1,026 

102.  6 

5 

1,022 

102.2 

4 

1,017 

101.7 

3 

1,013 

101.3 

2 

1,009 

100.9 

1 

1,005 

100.5 

0 

1,  000 

100 
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Gas 
temperature, 
Fahrenheit. 

B.  t.  u. 

T? f»la  i  i  vp 

per  cent. 

G5 

970 

97 

60 

980 

98 

55 

990 

99 

50 

1,000 

100 

45 

1,010 

101 

40 

1,020 

102 

35 

1,030 

103 

"'.  Seo.  24.  -Combustion  of  natural  gas. — The  combustible  con- 
stituents of  natural  gas  are  made  up  of  combinations  of  the  elements 
carbon  and  hydrogen.  When  natural  gas  is  burned  so  as  to  secure 
perfect  combustion  only  carbon  dioxide  and  water  vapor  are  formed — 
that  is,  the  carbon  of  the  g  is  unites  with  the  oxygen  of  the  air, 
forming  carbon  dioxide  and  the  hydrogen  of  the  gas  unites  with  the 
oxygen  of  the  air  forming  water  vapor.  The  water  vapor,  of  course, 
will  condense  when  cooled.  This  water  vapor  does  not  come  from 
the  gas,  but  is  created  and  formed  by  the  chemical  action  of  the 
hydrcgen  in  the  gas  and  the  ox3~gen  in  the  air.  . 
"Each  cubic  foot  of  natural  gas  burned  requires  approximately 
cubic  feet  of  air,  foiming  lOh  cubic  feet  of  combustion  products, 
which  are  made  up  of  2  cubic  feet  of  steam,  1  cubic  foot  of  carbon 
dioxide,  and  Ih  cubic  feet  of  nitre  gen,  all  thoroughly  diffused  through 
each  other. 

y  The^combustion  of  1,000  cubic  feet  of  natural  gas  will  form  2,000 
cubic  feet  of  water  vapor  or  steam,  and  this  when  condensed  will  make 
approximately  10^  gallons  of  water.  Ttiis  is  not  peculiar  to  natural 
gas,  but  is  true  of  all  gases  containing  hydrocarbon  compounds.  One 
thousand  cubic  feet  of  manufactured  gas  will  form  about  one-half 


Fig.  12. — Diagram  showing  construction  of  ordinary  gas  mixer. 


the  water  vapor  produced  by  the  combustion  of  1,000  cubic  feet  of 
natural  gas.  It  is  this  water  vapor  that  causes  the  bakers  and  broilers 
of  stoves  to  rust,  and  where  gas  is  used  in  open  fires  without  flues, 
or  for  lighting,  makes  the  walls  and  windows  sweat  and  glued  furni- 
ture open  up. 

If  the  combustion  is  not  perfect,  then  carbon  monoxide,  which  is  a 
deadly  poison,  may  be  formed.  The  toxic  action  of  this  is  so  marked 
that  one-tenth  of  1  per  cent  is  enough  to  produce  fatal  results.  This 
is  especially  likely  to  be  formed  when  a  flame  is  suddenly  impinged 
on  a  cold  surface,  as,  for  instance,  the  first  few  seconds  operation  of 
an  instantaneous  hot-water  heater. 
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Sec.  25.  Action  of  gas  miser.— As  stated  in  the  preceding  sec- 
tion, about  9t  cubic  feet  of  air  must  be  mixed  with  each  cubic  foot 
of  natural  gas  in  order  to  secure  perfect  combustion.  In  order  to 
accomplish  this  the  gas  at  a  pressure  above  atmospheric  air  is  forced 
throrg  1  a  small  orifice  by  the  gauge  pressure  in  the  gas  pipe,  and  thus 
acquires  a  relatively  high  velocity  in  passing  through  the  small  open- 
ing, as  shown  in  figures  12  and  13.  In  this  way  an  aspirating  action 
is  produced  around  the  orifice  and  this  draws  atmospheric  air  from  the 
room  in  so  that  it  will  mingle  with  the  gas.  A  gas  mixer  is  therefore 
in  effect  merely  a  small  air  injector.  The  mixer  shown  in  figure  12 
is  the  one  most  generally  used,  and  has  no  adjustment  for  the  gas. 
The  mixer  shown  in  fig  are  13  has  a  sta  tionary  cone,  and  by  turning 
the  spud,  with  a  wrench  on  the  hexagonal  head  of  the  spud,  the 
effective  area  of  the  orifice  may  be  made  larger  or  smaller,  thus 
changing  the  velocity  of  the  gis,  and  therefore  its  aspirating  action. 
We  diil  not  run  any  tests  to  determine  the  relative  merits  of  the  two 
types  of  mixers. 

Sec.  2P>.  Efficiency. — The  term  "efficiency,"  which  has  become  a 
hackneyed  one  on  account  of  its  misuse,  means  the  ratio  between 
input  and  output — in  other  words,  the  percentpge  of  input  energy 
that  can  be  accounted  for  on  the  output  side  of  the  device. 

Sec.  27.  Efficacy. — This  is  the  power  to  produce  an  intended 
effect,  and  is  entirely  separate  and  distinct  from  the  efficiency  of  the 


Fig.  13. — Diagram  showing  construction  of  gas  mixer  with  adjustable  spud. 

process.  For  instance,  a  gas  burner  may  be  efficient  and  yet  not  be 
effective.  On  the  other  hand,  it  may  be  able  to  produce  results — 
that  is,  secure  efficacy — with  very  low  e,Ii<iency. 

Sec.  28.  Cooking  and  heating  distinguished. — In  a  heating 
operation  it  is  merely  necessary  to  secure  perfe.  t  combustion  in  the 
heating  device,  because  in  so  doing  all  of  the  available  heat  in  the  gas 
can  be  utilized.  In  cooking  it  is  not  only  desirable  to  secure  perfect 
combustion,  but  absolutely  necessary  to  direct  the  heat  to  a  partii  ular 
place  and  sometimes  at  a  particular  time.  It  is  for  this  reason  that 
gas  cooking  operations  are  more  susceptible  to  changed  pressure  con- 
ditions than  heating  operations. 

It  may  not  be  amiss  to  emphasize  that  the  time  element  in  many 
cooking  operations  is  of  much  more  importance  than  intensity. 
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